We extract the chaotic characteristics of multiple physiological signals in this paper, and the relevant algorithms for extracting chaotic characteristics are given respectively. Based on different algorithms we respectively calculate four kinds of chaotic characteristic parameters from multiple physiological signals, such as maximum Lyapunov exponent, the correlation dimension, approximate entropy and complexity, to make them connect with the connotation of physiological signals not through the emotions. If we establish chaotic characteristic matrix by the extracted chaotic characteristic parameters, use the classifier to map the chaotic characteristics to a given category, so the problem of emotion analysis based on the multiple physiological signals is converted to the problem of classification in pattern recognition, which lay a foundation for better emotion recognition.
Introduction
In the nineties of the last century, chaos theory began to apply in the field of biology and medical, Goldberger [1] put forward the conclusion that the dynamic characteristics of normal, healthy life system is "chaotic". Physiological signal are the extrinsic manifestation of emotions, that is to say the changes of emotions can express by the changes of physiological signals. This performance is not controlled by the individual's subjectivity, so the result is more objective and real. Chaotic parameter characteristics are different from traditional statistical characteristics, which can reflect the nonlinear properties of physiological signals essentially. We can obtain some statistical characteristics of physiological signals namely the chaotic characteristic parameters of physiological signals by chaos theory. Those chaotic characteristic parameters provide a new method for the internal mechanism research and emotion analysis of physiological signals. Therefore, in this paper, through the chaotic characteristic parameters that we extracted from physiological signals, lay a foundation for following emotion recognition. In the analysis of physiological signals, some nonlinear method is used to analysis the physiological signals, but they tend to analysis one single physiological signal, while in this article we extract the chaotic characteristics of multiple physiological signals, using different algorithms to respectively calculate four kinds of chaotic characteristic parameters from multiple physiological signals. In this article, we extract the chaotic characteristic parameters of multiple physiological signals (ECG, EMG, RSP, SC) under four different emotions (joy, anger, sadness, pleasure). such as maximum Lyapunov exponent, the correlation dimension, approximate entropy and complexity.
The Algorithms for Extracting Chaos Characteristic Parameters

A. Calculate of the maximum Lyapunov exponent and analysis
Now according to the definition we can calculate the Lyapunov exponent. In addition, there are many other methods to calculate the Lyapunov exponent, the methods are divided into two main categories: the method of Wolf [2] and Jocobian [3] In the table 1, according to the values range of maximum Lyapunov exponent, we can distinguish emotions Joy and Sadness, but the values range of maximum Lyapunov exponent of the other two emotions Anger and Pleasure have some overlap. Similarly, three physiological signals ECG, EMG and RSP, their maximum Lyapunov exponent range also have a certain overlap under four different kinds of emotions, so we can draw that it is not simple to distinguish different emotion states through maximum Lyapunov exponent. Therefore, in order to distinguish the four different kinds of emotions, we need to find out the combination of different chaotic characteristic parameters further more.
B. Calculate of The Correlation Dimension and Analysis
Correlation dimension is a invariant that describe the self-similar structure of attractors, it is equally important as the maximum Lyapunov exponent in chaotic characteristic parameters, the common method to calculate the correlation dimension is the G-P algorithm [5] .
According to the G-P algorithm we can also calculate the correlation dimension of EMG, SC and RSP signals under four different kinds of emotions, their values range are shown in table 2. In the table 2, under the emotions of Joy and Pleasure, their values range of correlation dimension are similar, we can not tell the differences between the two emotions use our naked eye. Similarly, three physiological signals ECG, EMG and RSP, the range of their correlation dimension also have some overlap under four different kinds of emotions.
C. Calculate of The Approximate Entropy and Analysis
Approximate entropy can show the internal complexity of the signals, its calculating algorithm is simple and has strong anti-interference ability. In this section, the author will calculate the approximate entropy of physiological signals under different kinds of emotions according to the definition of approximate entropy [6] .
According to the definition of approximate entropy we can also calculate the approximate entropy of EMG, SC and RSP signals under four different kinds of emotions, their values range are shown in table 3. 
D. Calculate of The Complexity and Analysis
Approximate entropy can describe the complexity of the signals, the definition of the entropy, however, is too theoretical, so in order to describe the actual sense of the complexity, we introduce another nonlinear characteristics -complexity [7] .
According to the definition of complexity we can also calculate the complexity of EMG, SC and RSP signals under four different kinds of emotions, their values range are shown in table 4. In the table 4, we can distinguish the two emotions between Joy and Anger according to the values range of complexity, while the emotions of Sadness and Pleasure, their values range of complexity are basically overlapped, thus we can only distinguish the two emotions between Joy and Anger by our naked eye. Similarly, through the observation three physiological signals ECG, EMG and RSP, the range of their complexity also have a certain overlap under four different kinds of emotions, so we can draw that it is not simple to distinguish different emotional states through complexity.
In conclusion, calculate the maximum Lyapunov exponent, the correlation dimension, the approximate entropy and the complexity of each sample, we can establish characteristic matrix of the samples, which lay a foundation for the analysis of emotions.
The Comprehensive Analysis between The Chaotic Characteristics and Associated Emotions
Use different algorithms to extract four chaotic characteristic parameters, which are respectively the maximum Lyapunov exponent, the correlation dimension, the approximate entropy and the complexity. So for four kinds of physiological signals, we get a total of 16 chaotic characteristic parameters, they are respectively the maximum Lyapunov exponent, the correlation dimension, the approximate entropy and the complexity of ECG signal, EMG signal, RSP signal and SC signal.
According to the values range of the 16 chaotic characteristic parameters we preliminarily get the conclusion that the values range of maximum Lyapunov exponent of SC signal can distinguish the emotions between Joy and Sadness, but with the other two kinds of emotions, their values range of maximum Lyapunov exponent have some overlap. Under the emotions of Joy and Pleasure of SC signal, their values range of correlation dimension are similar, we can not tell the differences between the two emotions use our naked eye. The approximate entropy values range of RSP signal, under the emotion of Joy the value range of approximate entropy is larger, while the other three kinds of emotions can be obviously distinguished by their values range. According to the value range of complexity of RSP signal we can distinguish the emotions between Joy and Anger, while the emotions of Sadness and Pleasure, their values range of complexity are basically overlapped, thus we can only distinguish the two emotions between Joy and Anger by our naked eye.
Conclusion
Based on the above analysis, the value ranges of single chaotic characteristic parameter have a certain overlap, so we can't clearly distinguish the four different kinds of emotions. Therefore, in order to distinguish the four different kinds of emotions, we need to find out the combination of different chaotic characteristic parameters further more. Based on chaos theory of multiple physiological signals, use the classifier to map the chaotic characteristic to a given category, so the problem of emotion analysis is converted to the problem of classification in pattern recognition.
